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" The Diaphragm Method of Measuring the Velocity of 
Fluid-Flow in Pipes." 

By HOLBROOK GASKELL, Jun. 

IT is an  undeniable  fact  that  the  advance of mechanical science has 
been greatly  retarded  by  the  inadequacy of the means of measure- 
ment at the disposal of the mechanical engineer,  and  this  handi- 
cap  is  rendered more  obvious  by contrast  with  the  advantages 
enjoyed by workers in  the allied field of electricity. 

One of the  most difficult problems has always  been the measure- 
ment of fluid flowing through a  pipe, and  an  instrument  to correspond 
to  the  ammeter would be of great  utility.  The conditions to be 
fulfilled by such an  instrument  are, however, many  and difficult of 
attainment. It must be accurate  over widely varying  rates of flow, 
without causing :t material loss of pressure,  comparatively cheap, 
capable of being  inserted in a  pipe-line without  much  disturbance 
of q i s t ing  work, able  to mairitnin its :rccnracy after long periods 
of use, :tnd of simple ;Lnd strong  construction. It must  further 
be so arranged  that  any  faults or derangements can be rectified 
without  interrupting  the flow of fluid. It is advisable, though 
perhaps  not essential, that it should  be fitted  with a recorder, so 
that  a continuous  record  can be obtained of the  rate of flow. 

The  instrument which appears  most  nearly  to fulfil these  varied 
requirements  is  the  Venturi  meter,  but it has  the  disadvantages 
that it is by no means cheap, very  accurate  workmanship being 
essential,  and moreover, that it involves  considernble alteration of 
existing pipe-work  before it can be  inserted.  Hence it cnnnot be 
readily moved from place to place so as  to be available for compnra- 
tively  short  tests. 

An  alternative,  but  very  similar, method which does not suffer 
from these  disadvantages,  but which has been  neverthelcss com- 
paratively  little used, is the  insertion  in t'he  pipe-line of nn orifice 
of snl:&?r nrea than that of the pipe, and  measurement, of the 
consequent  pressure-drop. As, however, bllt Iithle experimental 
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work  has been  done, or at   any  rate published, on  this  subject,  the 
values of the  constants  to be applied for  different  conditions  are 
not  known,  and  this  fact  has probably prevented  the application 
of the  method  to  any  great  extent. It therefore  appeared to the 
Author  that  further  work would lead to useful results,  and the 
present  Paper gives very briefly the most important  points  arrived 
at by the  investigation. 

THEORETICAL F o m ~ u r , ~ .  

The  general  equation  for fluid flowing in a stream-line  is 

where 

G + ,y< + L = constant . . . . v2 

71 is  the velocity, 
p ,, pressure, 
t u  ,, specific weight, 
h ,, height above datum. 

For the  present  conditions  the  stream-line  may be assumed 
horizontal, so that  A is  constant. 

Then 

(U) Liquids.-In this case W is constant, so that  equation ( 3 )  may 
be written- 

v2 - ~ .rl + = constant. 

If now the  liquid is flowing through a pipe whose sectional area 
varies  gradually  from A, to A,, 

(3)  

where  sufices 1, 3 refer  to  the sections All A, respectively. 
And, if W is the  weight of liquid passing through  the pipe in 

unit  time, 
\v = 

and hence v2 = 

where p =  
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Hence  from  equation (3) 

245 

and 

But  these  equations  take  no  account of the loss of head  due  to 
friction in  the pipe, and  the  actual  quantity of liquid is given by 
the  formula 

where X is a constant whose  value,  arrived a t  from  experiments  on 
venturi  meters is between 0.96 and 0.98 according to  the accuracy 
with  which the  meter is machined and  the smoothness of the 
surfaces.  This  constant  may be  considered  as a “coefficient of 
velocity,” and corresponds  with  the  usual  hydraulic coefticient 
known by that name. 

If now, instead of through a pipe of gradually  varying section, 
the flow is considered to  take place through  an orifice of smaller 
diameter  than  the  pipe  inserted  in it, the conditions  will  be  similar, 
but owing to  the  contraction of the  jet passing  through  the 
diaphragm, the  area  there will  only  be +A2, where A, is the  area of 
the orifice and I) the coefticient of contraction. 

Hence  the  formula will be  similar  to  equation (4) with - substi- P 

I) 
tuted €or p. 

W = xA12/ ’ --.L- 2 7  20 - (p1 - p z )  
-- pL l 
P 

( b )  Gases.-In this case, of course,  equation ( 2 )  still holds good, 
but W is no  longer  constant. If the  pressure-drop at the orifice is 
small  compared  with the  initial pressure, as will  always be the case 
when the orifice method is used for gas  measurement, the expansion 
may be  assumed  adiabatic,  and  consequently pVY = constant,  where 

1 v = -. 
’W 
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Hence 

and  equation (2) may Fe written- 

or __ + --r- . 1 )V = constant. 
G 2  

2 g  y - l  

And,  considering as before flow through a pipe of varying  section, 

v22 - v12 Y 
21/ 1 (PlVl - lJ2VZ)) Y -  

and since 

v22 - ti12 = 2 g . ~ 

Y - 1  

= 2 1 / .  __- 
Y - - l  

v1 v2 

Y 

Further, since W = - = -- A,v, A,v., 

or writing 

Hence 71: 

and 
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Now if Sp = p ,  - p2,  in  the  particular case considered 81) is small 
compared withp,,  and hence 

or  since 
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Hence,  inserting  the cocfficicnt of velocity as before- 

and if the flow takes place through  an orifice for which the coefficient 

of contraction is +, writing - instead of p, as before- P + 

TYPE OF ORIFICE. 

After  experimenting  with  various  types of orifice, it was found 
that  the  results  obtained  with a round-edged pattern were  too 
inconsistent  to be of value, as + appeared to  vary  greatly  not  only 

with  the  ratios - and p but also  with the  radius  to which the 

edges of the orifice were  rounded.  Eventually,  therefore, it was 
decided to  use a sharp-edged orifice, but  to avoid the  diEculty of 
machining orifices to  an absolutely  sharp edge,  which,  moreover, 
would not remain in this condition  for  very  long  under  working 
conditions, the orifices were  bored  parallel for & inch. With these 
diaphragms  quite  consistent  results  were  obtained,  and  they seemed 
to  behave  exactly as if the orifice were truly sharp-edged. Two 
tlifferent  types,  distinguished as A and B, were  used in  diEerent 
experiments as each had  certain  advantages. 

Type A, which  was the first kind  experimented  with, con- 
sisted of a steel  plate +$- inch  thick, which, as shown in Fig. 1, had 

1;11 
P1 
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an orifice bored  parallel  for  inch  and  then  chamfered off on 
the down-stream  side at   an angle of 45". The  pressure-holes,  to 
which  pipes  leading to  a  U-tube  were  connected,  were  drilled 
radially  into  the  diaphragm,  one  from  each side, and  terminated 
in  &-inch  diameter holes, one  looking  up-stream and  the  other 
down,  drilled into  the disk  parallel to  the  direction of flow. For 
experimental  work,  how- 
ever,  this  type of dia- Fig. 1. 
phragm  had  the  great 
disadvantage  that  when 
changing  the  diaphragm 
the  pressure-leads  had  all 
to be disconnected, thus 
causing  a  great  waste of 
time,  and  tending  to 
leaky pipes. 

A second type of disk 
(type B) was  therefore 
used in  the  later experi- 
ments.  This  consisted 
merely of a ,',-inch plate 
having  a  hole of the 
requisite  diameter  bored 
in it. With  this descrip- 
tion of diaphragm  in- 
serted  between  the flanges 
of two  adjacent  lengths 
of pipe,  and  with  the  pres- 
sure  holes drilled radially 
into  the flanges, the  dia- 
phra,ps could be changed 
without  disturbing  the 
pressure-leads. I n  many 
cases, however,  when the TYPE A DIAPHRAGM. 
orifice-plate has  to be in- 
serted in an  existing pipe-line, the flanges  are  too  thin  to allow of 
holes  being  drilled in  them,  and  in  these cases type A diaphragnis 
must be used. 

POSITION OF PRESSURE-HOLES. 

(a) Iladial1y.-In the case of type A diaphragms it was important 
to  determine  whether  the  radial  position of the holes  communicating 
with  the pressure-pipes h:d any effect on the  U-gauge  readings. 
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An extended  series of experiments  with  the holes in different 
positions  led to  the conclusion that  this  radial position was quite 
immaterial, provided that  the holes were  clear of, in  the one 
case, the  inside wall of the pipe, and  in  the  other,  the  inside 
edge of the  chamfer  on  the  down-stream side of the disk. Quite 
consistent  results were obtained  with  the holes in  different 
positions. 

( b )  Longitudinally.-In these  tests pipes were used which had 
radial pressure-holes drilled in  them at about 74 inches  pitch  on 
both  up-stream  and  down-stream  side of the diaphragm,  and  in 
addition,  further holes close to  the flanges, so that a comparison could 
be made between the  results  obtained  by  connecting  the  U-tube  with 
(C&) the holes in a type A diaphragm,  and ( b )  the holes near  the 
flanges. The difference  between the  readings  under  the two con- 

FORM OF PRESSURE CURVE. 

ditions was  negligible, and  it was concluded that it was immaterial 
i n  which way the  pressure-drop was observed. 

To Rein further  information as to  the  shape of the pressure-curve, 
a series of tests were  made, using  the holes along the pipe  previously 

referred  to.  Readings were taken  at  various values of - by con- 

necting  one  leg of the  U-tube  with  the  down-stream  side of the 
diaphragm  and  finding  the pressure-difyerence  between this  point 
and each of the  other positions in  turn.  Taking  the pressure-drop 
at   the  orifice as unity,  the  mean of all  the  results is shown  plotted 
in Fig. 2, from which it will  be seen that  the pressure-leads can be 
connected with  the  pipe at points  not  more  than l$ inch  distant 
from  the  diaphmgm  without  material  error. 

It will also be noticed that of the pressure-drop through  the 

813 
P1 
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diaphragm  about  one-fifth  is  regained by  conversion of the velocity- 
head of the  fluid  into  pressure.  The  remainder, of course, is lost 
in overcoming  friction and in eddy-making. 

VALUES OF CONSTANTS IN FORMULAS. 

( a )  Value of X.-The value of the coefficient of velocity  for a 
sharp-edged orifice is fairly well known,  Weisbach  states  that  for 
an orifice in a thin  plate  the  value of the coefficient of velocity  is 
0.97 and  this  value  is  quoted  and  made  use of by Zeuner.2  The 
Same figure is  given  by Dr.  Unwin  and  C~tterill.~ 

( h )  Value of t.-This is given  by the equation- 

#$ = - (I - 3 . sp + ...), 3 
4 Y .  8Y P1 

and  for  the so-called  permanent  gases y = 1 *41. 
For steam  the  adiabatic  curve follows the  same  general  course as 

for gases, with  the  difference that y has,  according to Mr. C. A. M.  
Smith,5  the  following  values, e being the  initial  quality of the 
steam :- 

X: . . . 1.0  0.9 0’8 0.7 
y . . . 1.144 1.133 1.120 1.102 

The  equation  given  above  thus  reduces to- 

For gases 

for  dry  steam 5 = 0.656 (1 - 0.328 - 81) + ...). 
P1 

And  in most cases in which a diaphragm is used for  the  purpose 
of measuring the  rate of flow, whether  in  connection  with a U-tube 
or  meter,  the  value of Sp will be about 24 inches of water, or 
approximately l lb. per  square  inch,  while p, may  be  taken as 
B0 Ibs. per  square  inch  (gauge) as a mean  value. 

Hence 3 = 0.0154; 

’ J. Weisbach, ‘ I  Mechanics of Engineering,”  p. 825. (Translated by Eckiey 

G .  Zeuner,  “Technical  Thermodynamics,” vol. i, pp. 247  and 254. (Trans- 

W. C. Unwin, “ A  Treatise  on  Hydraulics,” p. 63. London, 1907. 
J. H, Cotterill, “ Applied  Mechanics,” p. 463. London, 1895. 

B. Coxe.)  London, 1877. 

lated by J. F. Xlein.)  London, 1907. 

6 Enqineerinq, vol.  xcii  (1911),  p. 759. 
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and  for gases = 0.531 (1 - 0.0041) = 0.53 approx. 

for  dry  steam E = 0.656 (1 - 0.005) = 0.65 ;, 
neglecting  squarcs  and  higher powers. 

It should  be observed that, provided - is small, it is unnecessary 

to  have  the  value of [ determined  with  great accuracy, For, 

assuming - to be as large  as &, which represents  quite  an  extreme 

case, the  value of the  factor 1 - ,f &} for gases obtained from 

the above value of will be  0.9735, while the  correct  value  is 
0 - 9738, so that  the  error  introduced  is  quite inappreciable. 

(c) Value of +.-There have been comparatively few experiments 
made  with  the object of determining  the  value of the coefiicient of 
contraction in  the case of a n  orifice in a pipe-line, and consequently 
considerable uncertainty  has existed as to  the  variation of I) with p. 
On  account of the absence of these data, it has hitherto becn 
impossible to use the formulas  for  the  measurement of fluid-flow in 
pipes, but  the  Author hopes that  the  values  given  later will  clear 
up  this  point  and  enable  the  formulas  to be used with confidence. 

Dealing  first  with  the  results  obtained  and published by  other 
experimenters,  Weisbach (" Mechanics of Engineering ") gives the 
following values  for  water,  but does not say how they were obtained, 
merely  stating  that  the orifice was sharp-edged. 

al? 
P1 

8lJ 
P1 

P1 

TABLE I. 

1 

P 
~ * 

I n  Muller's experiments 1 air was passed from a receiver through 
a diaphragm placed in  a pipe-line, the  quantity of air passing bcing 

Zeitachrift des Vereines  Deutscher  Ingenieure, vol. lii, part i (1908), p. 285. 
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measured  by the fall in pressure in   the receiver. The  type of 
diaphragm used was practically  identical  with  that  illustrated  in 
Fig. 1,  at le& in all essential  particulnrs. 

In   t he  results  given by Muller  no  account  appears  to  have been 
taken of the orifice-friction, the  term  representing  this  being 
omitted  from  his  equations,  although  he  makes use of it when 
finding  the flow through a similar orifice in  the side of a vessel. 

Correcting Muller’s  figures for  this  and  assuming X = 0.97 as  in 
the  other  tests,  the following figures are  obtained  for  the coefficient 
of contraction. 

TABLE 11. 

As the  two  sets of experiments  already quot.ed were  scarcely 
sufficient to  enable  definite values to be given to I# for varying 
values of p ,  it was  decided  by the Author’s firm, the  United  Alkali 
Company, to  carry  out a further  set of tests. In   t he  first place, as 
the  results were required for use in connection  with  steam-meters, 
the  actual  tests were made  with  steam. 

As, however, Rateau’s  experiments showed that  there was a 

variation of I,!J with - quite  independent of the  variation  with p, 

some preliminary  tests were  made to  settle  this  point. These showed 

that,provided  that  the  value of - did not exceed the  variation 
Y 1 

was small, and if less than  the value of 3 \vas, as far RS could be 
determined,  constant. 

The  apparatus used in  these  tests ancl also in those to  be described 
next consisted of a length of pipe  having  inserted in  it a sharp- 
edged diaphragm,  type A (Fig. l ) ,  and  in series with it a carefully 

SP 
P1 

82, 

1 “Experimental  Researches on the Flow of Steam  through  Nozzles  and 
Orifices,” p. 42. (Translation by H. B. Hrydon.)  London, 1905. 
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constructed  Venturi  meter specially made  and  calibrated  for  these 
tests.  The  pressure-drop in  both cases was measured  by a U-tube 
filled with  either  mercury  or  ethylene  bromide  under  water, accord- 
ing  to  the  pressure-drop  to be  measured. The  quantity of steam 
pzssing  was  regulated by means of a valve at   the  end of the pipe, 
and  readings were taken  from  both  Venturi  meter  and  throttle  for a 
large  number of different  values of Sp. The  usual  precautions were 
of course taken  to see that all the  pressure pipes  were free  from  air 
and  quite  full of water  and  the necessary readings  for  obtaining  the 
value of p1  in each case were made by  carefully calibrated gauges on 
the pipe-line. A sufficient length of straight pipe WRS inserted 

Fig. 3. 

I~ESULTS OF STEAM TESTS. 

between the  Venturi  meter  and  throttle  to  ensure  that  the flow 
became quite  steady before the second instrument was reachecl. 

On  plotting  the values obtained  experimentally, it was found that 
the  curves were in all cases straight  lines passing through  the 
origin,  indicating  that  the  readings of the  Venturi  meter  and 
diaphragm were, throughout  the  range  investigated,  proportional  to 
one  another. 

The  experiments were made  on a 6-inch and  on a S-inch pipe, and 
the  results  obtained for the coefficient of contraction for various 
ratios of diaphragm opening to pipe diameter  are shown in Figs, 3 
and 1 respectively.  These last pxperiments, although  they generally 
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confirmed the values for I) obtained  by  Weisbach  and  Muller,  and 
were of interest as showing that  the values  for  steam were, at any 
rate,  not  materially  different  from  those for water  and air, were 
not  carried  out  with suflicient  accuracy to enable any  very  exact 
values to be assigned to 1c, for  any  particular value of p. 
IC was therefore decided to make an  accurato determination  for 

at least  two sizes of pipe, using  water as being the most  easily 
measured fluid, and  thus  to confirm Weisbach’s results ; the  tests 
made by Muller  on air, and  the  United  Alkali Company on  steam, 
having proved that  the  values  thus  found could be used for gases 
equally :LS well as for liquids. 

Fig. 4. 

0 
V A L U E S  O F  

RESULTS OF STEAM TESTS. 

Through  the  mediation of Professor Watkinson,  the Council of 
the Liverpool University  very  kindly  granted permission for  the 
experiments  to be made  in  the  hydraulic  laboratory of the 
University,  where  plant  was  already  installed which, with  only 
inconsiderable  alterations, was quite  suitable  for  the proposed tests. 
It was thus possible to  carry  out  the  experiments  with  great  care 
and  with considerable  accuracy. 

The  water flowed from a large  tank at the  top of the  building 
down through a range of cast-iron pipes terminating  in a horizontal 
length of about 50 feet, a t   the  cent,re of which the  diaphragm 
under best, was placed. These  pipes  delivered into a concrete 
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trough of considerable length  and provided with baffles to  steady 
the flow. At  the  end of this  trough n right-angled  V-notch was 
placed which  served  accurately to  measure the flow of water. 

The  diaphragms used  were type B, previously  described, the 
pressure-holes  being  drilled in  the pipe-flanges and  communicating 
with  an  inverted  U-tube  containing  water  under compressed air. 

The  V-notch was calibrated  by  means of floor-tanks. 
After  the completion of these  preliminary  calibration  tests  the 

actual orifice experiments were started.  The  results were  worked 
out  in  the following manner :-- 

The  general  formula  for  liquids  (equation 5 )  is- 

and if Q is  the volume per  unit time- 

and H is the pressure  difference in inches of watcr- 

8 H = J . 1 2 ;  
Ill1 

and if A, is measured in square  inches and  the value of 427 
inserted- 

or Q = 0.9651 li . al 4-11.; 

where I( = JL J ,p - $2 
. . . . . . . * (9) 

And  for  the V-notch- 

Q = cl1 ; ; 

where h is  the head  above the zero reading  in inches, and c a 
constant whose value was  obtained by the calibration  tests  mentioned 
above. 

Hence  equating  the  two  equations  for Q- 

and  from  equation (9) the value of + can be found if X is  known. 
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In all tests X was assumed 0 * S i  i n  accordance with  Weisbach's 
experiments. 

Two different sizes of pipes  were used, namely, 8 inches  and 
6 inches  (nominal)  inside  diameter.  The pipes  were of cast  iron 
coated inside  with Dr. Angus  Smith's composition, and in connec- 
tion  with  them  eight  different  diaphragms were tested.  The  actual 
diameters were found  in each  case  by means of an  inside micro- 
meter,  and Table V gives the  actual  diameters  for  both pipes and 
orifices. 

TABLE V. 

Pipes. _____ 
Nominal 
Diameter. 

Actual 
Diameter. 

- 

Inches. 
S 

6 

.. 

.. 

Inches. 
7.770 

5.931 

., 

.. 

'. . l .. 

Diaphragms. 

Diameter. 
Actual 

In,;hes. 
2.022 

2.636 

3.264 

3-881  

4.528 

5.129 

5.757 

6'384 

__--- 

For each diaphragm a t  least  six reading3  were taken at different 
heads, a.nd in all cases no observations were recorded until  the head 
€or the  V-notch  had  remained practically stationary for a t  least 
5 minutes.  This  precaution was necessary on  account of the  large 
area of water  in  the  trough  leading  to  the notch, making  the  gauge 
somewhat slow in  settling down to  its final and  correct  reading. 
To further  reduce  this source *of error, half the  readings were 
taken as the  quantity was being step-by-step increased, and  the 
remainder  on a falling head. 

As  an  example of the  actual  readings  the  results of the  tests  on 
one of the  diaphragms  are given in Table VI, the  nominal  diameters 
of pipe and orifice being 8 inches  and 6% inches respectively. 

A summary of the  tests  made on the 8-inch and  &inch pipes is 
given in Tables VI1  and VI11 respectively, and  the  results are 
shown  plotted in Figs. 5 and  6. 

LTHE INST. C.E. VOL. CXCVII.] S 



Inches of 
Water. 
8,520 

29.040 
18.624 

40.440 
34.3s 
22.79 
12.49 

Inches. 
' 8.970 

10.518 
11'511 
12.276 

10.986 
11.922 

9 ,703 

0.5409 
0.5436 
0.5448 
0.5417 
0.5466 

0.5439 
0.5476 

TABLE VII. 

Diameter of Pipe, 8 Inches. 

Inches. 
2 14 .77  

8.686 
5.667 
4.009 
2.944 
2.290 
1.822 
1.481 

I 
0.06774 
0.1153 
0 . l i 6 4  
0.2195 
0.3396 
0.4359 
0.5491 
0.6751 

0.04091 
0.06975 
0.10785 
0'15610 
0*21820 

0.3942 
0.2898 

0.5442 

0.6220 
0.6229 
0.6265 
0.6368 
0.6463 

0.6857 
0.6566 

0.7246 

TABLE VIII. 

Diameter l 
of Orifice. l 

Inches. l 

8 '606 

2.336 
3.304 

0.1975 5.063 
0.1162 

0.3027 
0.4280 

1.716 0.5826 
1.338  0'74'78 

0.07047 
0,1231 
0'19415 
0.2880 
0'4374 
0.7030 

0.6236 
0.6374 
0.6483 
0.6649 
0.7055 
0.7817 
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The  four  sets of experiments  quoted afford sufficient information 
to  enable an accurate  curve  to be drawn  for  the values of I), AS, 

V A L U E S  O F  ‘/p 

Fig. 6 .  

however, the  United  Alkali Company’s experiments  on  steam were 
not made  with  the  same degree of accuracy as the  other  tests,  these 

S 2  
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resnlts  have  only been  given hdf  the weight of the remaincler in 
working  out  average  vduex. 

The  final  result may be  expressed in  tabular form as follows :- 

TABLE Is. 

t 

0 0 0 0 
Jfl, d o  S 3 f l l V h  

The curve is shown in  Fig. 7, and  upon  the  same  Figure  the 
actual results of the  various  experiments  have been  plotted. 
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Bearing in mind  the  limitations imposed by  the  manner in which 
the  formula was derived,  these  values of I), together  with  those 
already  found for X and E, when  inserted in equations ( 5 )  and (S), 
give a method of measuring  the  quantity of fluid flowing through 
a pipe  with  considerable  accuracy. 

APPROXIMATE FORMULAS. 

Although  accurate, the  equation (S) is  not by any means  con- 
venient owing to  the  fact  that $ has values  which vary  with p, and 
consequently the correct  value must be  found  from  the  curve  on 
every occasion. To  obviate  this  disadvantage  where  extreme 
accuracy is  not of the  first  importance, a formula of similar  type  to 
that used for the  Venturi meter- 

may  be  adopted, 4 having  the  value 0.6033. 

can be determined  in  the following manner : 
The  magnitude of the  errors involved  by the use of this formula 

The correct  formula,  from  equation (6), assuming  adiabatic 

expansion, and  writing ~- for p is- P 
tL 
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not less than 2 and T the  ratio of the pressures is not  greater  than 
0.1, the use of the  approximate  formula involves in every  case an 
error of less than 2 per  cent. 

TABLE X. 

0.0;s. ' 0.10. 

+0.595 ' +1.203 

+0.43Y S0.737 

_ _ _ ~  __-- 

+0.091 , $0.252 

-0.004 ' +0.101 

-0.015 +0.010 

If the  formula  is  to be used in connection  with  steam or gas 
recorders a further  approximation  must be made, and a constant 
value  assumed  for the  factor 1 - &-. In nearly  all  types of meters 
t4e value of 6p does not normally exceed about 1 lb.  per square 
inch;  thus, if p, is 120 lbs.  per  square  inch  (gauge),  the value of 
1 - (r  will be about 0.995, so thkit the  formula  may be written- 

or 

Obviously, if the  area of the pipe  is  very  great compnred with 
that  of the orifice, dp2- l may  be considered  equal to  p, and  the 
formula  reduces to- 

W = 0 * 6  A, .Jag 4% . . . . . . (13) 

This  value of the  constant  is  often  quoted  in  connection  with 
flow into or out of a large  receiver  through a small  sharp-edged 
orifice. After allowing for the value of r it agrees  almost  exactly 
with  the  mean of the  results  obtained by Dalby  for the  influx of 
air  at atmospheric  pressure into a receiver. 

I n  making use of these  :tpproximate  forms, the various  assump- 
tions  made  in  deriving  them  must of course be always  borne in 
mind, and  they must, not Le wed under  conditions  which are widely 

- 
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different  from  those  which  were  assumed in their  formation.  This 

applies  especially to  equations 12 and 13, where 1 -& is  taken  as 

constant, an approximation which is only  justifiable  when Sp is  very 
small  compared  with p ,  or when 8p and p1 are  both  constant. It 
is,  however, a necessary assumption in  the case of recorders  which 

could not be made to  take account of the  variation in 1 - 6  2 with- 

out considerable  complication and expense. 
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to Professor W. H. Watkinson, M. Inst. C.E., for  their  kindness in 
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The Paper  is accompanied  by twenty-one  diagrams,  from which 
the  Figures in the  text have  been  selected. 


